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ABSTRACT Aggregation of breast cancer in families is an established risk factor associated with increased
incidence of the disease, which is a leading cause of morbidity and mortality among women in this country. Three
genes have now been identified that confer increased susceptibility in families with a clear hereditary (i.e., Mende-
lian) pattern of expression: BRCA1, BRCA2 and p53. However, a significant number of women have an identified
family history of breast cancer without clear Mendelian patterns of disease. Such patterns are consistent with the
effect of more common genes with lower associated risk. Some evidence is available to implicate three additional
genes that fit this category: AT, ESR and HRAS1. An area of active interest is genetically mediated variation in
the metabolism of estrogens, aprocess controlled by severalgenes, each with more modest effects. The interaction
of genes and environmental factors in breast cancer pathogenesis is of considerable public health importance. J.
Nutr. 127: 929S-932S, 1997.
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It has been firmly established that at least a portion of BRCA1
the occurrence of breast cancer can be ascribed to inherited

susceptibility. There are currently three genes (p53, BRCA1 The BRCA1 gene was initially localized to chromosome
and BRCA2) known that, when inherited in an altered form, 17q21 in families with breast-ovarian cancer and early-onset
confer very high lifetime risks (high penetrance in genetic breast cancer (Hall et al. 1990) and was recently cloned (Miki
terms) and high relative risks (in epidemiologic terms). Fami- et al. 1994). Genetic linkage studies have shown that almost
lies segregating a mutation in one of these genes demonstrate all multiple-case breast-ovarian cancer families are counted
an autosomal dominant pattern of susceptibility. These genes segregating mutations in BRCAI (Narod et al. 1995). At age
seem to be an infrequent cause of breast cancer in the general 40 y, women who inherit a mutation in BRCA1 are at roughly
population and are associated primarily with early-onset breast 200-fold greater risk of breast cancer than the general popula-
cancer (Ford and Easton 1995). rion. This risk decreases somewhat with age, but remains ele-

vated roughly 15-fold to age 70 y. Ford et al. (1995) used

p53 two population-based samples of families and estimated the
frequency of BRCA1 mutations to be 0.0006 [95% confidence

Inherited mutations in the p53 gene seem to be responsible interval (CI) 0.0002 to 0.001] and the proportion of breast
for some (Malkin et al. 1990) but not all (Santibanez-Koref cancer cases due to BRCA! to be 5.3% below age 40 y, 2.2%
et al. 1991) cases of the Li-Fraumeni syndrome. However, this between ages 40 and at9 y, and 1.1% between ages 50 and 70
syndrome is rare in the population and has been estimated to y. They concluded that "the majority of breast cancer families
account for less than 1% of cases of breast cancer, even at with less than four cases and no ovarian cancer are not due

young ages (Sidransky et al. 1992). to rare highly penetrant genes such as BRCAI but are more
likely to be due to either chance or to more common genes
of lower penetrance." Langston et al. (1996) studied 80 women

' Presentedas part of the symposium "Oiet, Anthropometry and Breast Can- with onset of breast cancer before the age of 35 y and foundcer: Integration of Experimental and Epidemiologic Approaches" given at Experi-
mental Biology 96, April 16, 1996, Washington, De. This symposium was spon- mutations in eight and alterations of unknown functional im-
sored by the American Society for Nutritional Sciences and supported in part by portance in another four. Intriguingly, two of the six women

TheCoca-Cola Company and the Bristol-Myers Squibb Company, Mead Johnson with mutations did not report a family history of breast orNutritional Group. Guest editors for the symposium publication were Regina G.
Ziegler, National Cancer Institute, NIH, Bethesda, MD 20892 and Steven K. Clin- ovarian cancer in first- or second-degree relatives, but the
ton, Dana-Farber Cancer Institute, Boston, MA 02115. Correspondence should number of relatives at risk and their ages were not presented.

be addressed to ReginaG, Ziegler. Fitzgerald et at. (t 996) obtained similar estimates of alterations2This work is supported in part by a grant (RO1 CA 55747) from the National
Cancer Institute. Its contents are solely the responsibility of the author and do in a sample of 30 women with breast cancer onset before age
not represent the official views of the National Cancer Institute. 30 y. The complete phenotype associatedwith mutations in
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this gene is not known, but a recent report of 33 families with ATAXIA TELANGIECTASIA
evidence for linkage to BRCA1 revealed statistically significant
excesses of colon cancer and prostate cancer but no deficits or Ataxia telangiectasia (AT) is an autosomal recessive disor-
excesses for any other sites (Ford et al. 1994). der characterized by cerebellar ataxia, oculocutaneous telangi-

ectasia, a hypersensitivity to ionizing radiation and an in-
creased susceptibility to cancer (McKinnon 1987). Four studies

BRCA2 have shown that female relatives of AT patients (obligate gene
Because BRCAI was observed to account for only roughly carriers) are at increased risk of breast cancer. A review of

40% of the identified families with apparent autosomal domi- these studies (Easton 1994) produced a combined estimate of
nant patterns of breast cancer, the search for other genes in relative risk of breast cancer associated with AT heterozygosity
these families continued. BRCA2 was localized to chromosome of 3.9 (95% CI 2.1 to 7.2). It is important to verify these
13q and recently cloned (Wooster et al. 1995). Like BRCA1, observations. Because the AT gene has been cloned (Savitsky
BRCA2 is thought to account for approximately 40% of the et al. 1995), it is now possible to base exposure classification
families with apparent hereditary predisposition to breast can- on genotype data and extend the study samples to women
cer and to confer a high risk of early-onset breast cancer in outside of AT families. It is relevant to note that a relative
females. Although the gene was localized in families that also risk of this magnitude is unlikely to yield multiple cases of
had cases of male breast cancer, affected males are also ob- early-onset breast cancer in a family in a pattern consistent
served in families with BRCA1 mutations. Analysis of different with simple Mendelian segregation. Wooster et al. (1993) stud-
tumor types from five families showing evidence of linkage led 16 multiplex breast cancer families and found no evidence
to BRCA2 revealed loss of heterozygosity of the wild-type for genetic linkage between breast cancer and chromosome
chromosomal region in tumors of the prostate, ovary, cervix, 1lq markers (the physical location of the AT gene). Although
colon and ureter (Gudmundsson et al. 1995). This information AT patients are known to have radiosensitivity, they are also
suggests a broader phenotype may be more appropriate for more susceptible to cell damage from hydroxy radicals. Thus,
BRCA2 than BRCA1. it would seem appropriate to investigate the risk of breast

All three genes (p53, BRCA1 and BRCA2) are thought to cancer among women who carry an altered AT gene and who
be tumor suppressor genes. In the families studied to date, have low dietary exposure to antioxidants; susceptible individ-
there is a high probability that members who inherit a muta- uals may not develop breast cancer unless they receive relevant
tion develop cancer, but the frequencies of inherited mutations exposure.
in the general population seem to be low. For BRCAI and
BRCA2, the frequency of mutation carriers in the United HRAS1
States is estimated to be on the order of one in 400 (Ford et al.
1995), or roughly 300,000 women. Thus, factors that influence The proto-oncogene HRASI is tightly genetically linked to
penetrance of the gene need to be identified. In particular, a minisatellite locus that is highly polymorphic. Of the 30 or
those factors that prevent elderly mutation carriers from devel- so alleles that have been identified, four common alleles ac-
oping cancer despite their inherited high predisposition might count for 94% of all alleles in white persons (Krontiris 1990).
prove to be equally important and relevant to women without A meta-analysis of 23 studies has shown that rare HRASI
such strong susceptibility. The role of environmental factors, alleles are associated with a 1.9-fold (95% CI 1.6 to 2.3) in-
especially modifiable ones such as diet, is an important area creased risk of cancer (Krontiris et al. 1993). Statistically sig-
of research that needs to be addressed, nificant elevated risk estimates were evident for cancers of the

breast (1.7), bladder (2.3), colon/rectum (2.2) and lung (1.6)
GENETIC FACTORS AND NON-MENDELIAN and for leukemia (2.3). Just as for AT, these magnitudes of

FAMILIAL BREAST CANCER relative risk are probably insufficient for hereditary manifesta-
tion of susceptibility. Indeed, Hail et al. (1990) found no evi-

Although the importance of the discoveries of major suscep- dence of linkage of HRASI to breast cancer susceptibility in
tibility genes for breast cancer cannot be minimized, the public 12 high risk families with a Mendelian pattern of disease.
health significance remains to be determined (Fitzgerald et al. Because of the relative high frequency of the rare alleles, how-
1996, Langston et al. 1996). In particular, according to data ever, Krontiris et al. (1993) estimated that as many as one in 11
from the Surveillance, Epidemiology and End Results program, cancers may be attributed to this factor. Because the biologic
fully 80% of all breast cancers occur in women over the age mechanism underlying the apparent increased breast cancer
of 55 y (National Cancer Institute 1990). Given that late- risk among women carrying rare HRASI alleles is unknown,
onset breast cancer consistently demonstrates familial aggrega- examination of possible interactions of rare HRASI alleles
tion and that the clustering does not seem to be explained by with aspects of diet is perhaps premature at this time.
chance or measured nongenetic risk factors (Chen et al. 1994),

it is reasonable to hypothesize that genes other than BRCA1, ESTROGEN RECEPTOR
BRCA2 and p53 might be contributing factors. In fact, there
are at least three genes (AT, ESR, HRAS1) for which there The data that directly link estrogens to breast cancer risk
is some evidence for an association with breast cancer. Varia- include animal models and studies of breast tumor cell lines;
tions in these genes are characterized as having low penetrance the human data are largely indirect, but strong. The biologic
and low relative risks and might be involved in the non- role of estrogens is mediated through high affinity binding to
Mendelian familial clustering of breast cancer that occurs at the estrogen receptor (ESR), a member of a family of ligand-
more typical ages at onset. In addition, there is evidence that inducible nuclear receptors that have steroid and thyroid hot-
variations or alterations in these genes are more common in mones and vitamins as known ligands (Evans 1988). At least
the general population than mutations in BRCAI, BRCA2 or three published studies implicate the ESR in familial breast
p53. Even with the associated lower relative risks, however, cancer. Zuppan et al. (1991) reported genetic linkage of the
the total number of cases in the population attributable to ESR locus with late-onset breast cancer, but the results were
inherited alterations in these genes may be considerable, not statistically significant. Andersen et al. (1994) compared
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